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Nests usually were visited every second or third day. At each visit I measured the weight and the lengths of the tarsus and ninth primary of each nestling. Most nestlings were of known age. Ages of nestlings found after hatching were estimated using weight and length measurements in a technique previously described (Murphy 1981) . Most nestlings hatched asynchronously in clutches of three and four, i.e. over 2 or 3 days. Eggs hatching on the same day hatch at least several hours apart. I was therefore able to identify nestlings' hatch order by visiting a nest two or three times on the day of hatching. When two hatchlings appeared between successive visits, I estimated hatch order using a combination of the dryness of natal down (the drier the down, the earlier the hatching) and skin color (skin progressively darkens as birds age).
I subsequently attempted to obtain measurements of nestlings on day 14 (hatching = day 1) for estimating "nestling quality." I assumed the quality of a nestling (its future probability of survival) to be directly correlated with its size. Hence, I gathered data that would enable me to detect [using a single classification analysis of variance (ANOVA)], differences in weight and tarsus and ninth-primary length at 7 days of age for weight and at 14 days for weight and tarsus and ninth-primary length. With the exception of weight on day 14, all comparisons were made of actual measurement data. In place of day 14 weight I used asymptotic weight (XO), calculated from a least-squares regression procedure outlined by Crossner (1977). I chose to use XO because the determination of weight can be affected by several uncontrolled variables (time of day, length of time since last feeding, or weather conditions). Crossner's XO should more accurately reflect the nestling's entire growth history. Data used in the regression were corrected for unequal measurement intervals.
Brood size ranged from 1 to 5. Clutches of 1 and 5 did not occur naturally, so that broods of 1 and 5 were the result of egg or nestling attrition or of experimental modification of brood size. Two broods of five young were created by adding a freshly hatched fifth nestling to two broods of four young on the day of hatching of the last nestling. More extensive modification of brood size was not possible because of the limited number of simultaneously occurring, accessible nests. Brood size was considered to have changed from the initial size only if a nestling disappeared before 7 days of age and then only when nestling size was being considered. Productivity and length of the nestling period (hatching of first nestling to fledging of the brood) were compared using initial brood size in all cases. Sample sizes for productivity are generally larger than for comparisons of nestling size, because not all nests where productivity could be measured were accessible to measurement of nestlings.
Environmental influences on final nestling size were investigated using a step-down multiple regression. The dependent variable was asymptotic weight (XO). Environmental variables acting within the nest that may affect size are brood size, hatching order, and initial size (Bryant 1978). These and seven external environmental variables were included in the analysis as predictor variables. The external environmental variables were date (calculated using 1 May as day 0) and six climatic variables, which were number of days with rain greater than 0.1 mm, mean maximum daily temperature, and overall mean daily temperature, all three calculated over the entire nestling period and for only the latter half of the same period. Weather data were obtained from a weather station located 32 km away in Fredonia, New York. Fredonia is also close to Lake Erie. Mean daily temperature was the average of the daily minimum and maximum temperatures. This analysis was limited to nests found no later than the first day after hatching, because the hatch order of most nestlings could be estimated accurately up to this point. I subtracted the average growth increment between days 1 and 2 from the day 2 weight of nestlings first weighed on that day in order to estimate initial size. A strong correlation between weights on days 1 and 2 (r= 0.90, n = 40; Murphy unpubl. data) justified this.
RESULTS
Brood size effects.-The weight of nestlings at 7 days of age was independent of brood size (Table 1 . ANOVA F4,52 = 1.80, ns), but by day 14 significant differences in weight (Table 1. ANOVA F4,60 = 26.8, P < 0.001) and tarsus and ninth primary length were evident (Table 1 . ANOVAs F4,60= 4.16, P < 0.005 and F4,60 = 8.65, P < 0.001, respectively). Nestling weights progressively decreased with increasing brood size; the asymptotic weight of nestlings in broods of 1 was 51% greater than the asymptotic weight of nestlings in broods of 5. Corresponding figures for tarsus and ninth primary length were 6.6% and 27.5%, respectively. Not surprisingly, weight and ninth primary length exhibited a strong positive correlation on day 14 (r = 0.665, df = 52, P < 0.001), evident even within broods of three (r = 0.571, df = 25, P < 0.001). Thus, "nestling quality" was significantly affected by brood size at 14 days of age but not before 7 days of age. A restriction of the analysis of weight variation to broods of natural size (2-4 young) also resulted in a significant effect of brood size on weight (ANOVA) F2,47-6.63, P < 0.001) at 14 days of age.
The coefficient of variation of nestling weights at day 14 for each brood size also exhibited a significant increase with brood size (r = 0.952, df = 3, P < 0.05), indicating a greater range of weights within the larger brood sizes. This suggests that low nestling weights in the larger broods may have been the result of a "runt" phenomenon and not a whole-brood effect. To test for this, weights of nestlings in broods of 3, 4, and 5 were analyzed with respect to hatch order. Only in broods of four was the effect of hatch order significant, with last-hatched nestlings having the lowest weights (Table 2) . Although nestling weights also tended to vary inversely with hatch order in broods of five, the effect was not significant. It is obvious, however, that nestling weights were uniformly low in the two broods of five (Table 2 . range = 19.0-27.7 g). Low nestling weights in broods of five were therefore a whole-brood phenomenon but were also due, at least partly, to small last-hatched nestlings in broods of four.
Excluding losses to predators, productivity was greatest for broods of 4, followed by broods of 3 (Table 3) . The relationship between the percentage of broods losing at least one nestling to starvation and brood size, however, is significant (r = 0.955, df = 3, P = 0.01), indicating that the frequency of nestling starvation increased with brood size. In both broods of 5, 3 nestlings starved. In no other nest did more than one nestling die of starvation. The average age of starvation was heavily skewed toward the end of the nestling period; only one nestling starved at an age of less than 10 days. The average age of starvation was 12.5 days (SD = 3.57, n = 13). In 6 of 8 nests where the identity of the starved nestling was known, it was the nestling last to hatch. Predation was more frequent on broods of four (2/7 nests = 28.6%) than on broods of three (1/20 nests = 5.0%), although the difference is not significant (t = 1.54, df = 25, ns).
Nestling period ranged from 15 to 19 days, with 17 days being most common. The length of the nestling period was significantly affected by brood size (Table 3. mean temperature over the nestling period (r = -0.642, df = 50, P < 0.001) and between brood size and number of rainy days over the latter half of the nestling period (r = 0.450, P < 0.001). Unfortunately, nestlings in the largest brood sizes were being fed during a period of cold and wet weather, so that brood size and climatic influences on final nestling size could not be separated. The fact that 10 of the 14 nestlings to starve did so during several days of below-average temperatures immediately following five consecutive days of rain (Fig. 1) indicates that external environmental variables, in addition to brood size, probably had significant effects on nestling growth and survival. 
